Moderate weight gain is usual after starting insulin therapy. The identification and quantification of factors associated with weight gain may help target strategies for avoidance of weight gain.
randomized clinical trials indicated that weight gain was less at 1 year in those treated by basal insulin rather than by two injections a day or prandially, with no differences between the latter two regimens (7) .
The CREDIT (Cardiovascular Risk Evaluation in people with type 2 Diabetes on Insulin Therapy) study, an international, 4-year, noninterventional, longitudinal study, was designed to evaluate, in routine clinical practice, the relationship between blood glucose control and cardiovascular events in people newly treated with insulin and to provide insight into current clinical practice of the use of insulin in people with type 2 diabetes (9, 10) . In this report, we study the factors associated with weight gain in the CREDIT study after 1 year of insulin treatment.
RESEARCH DESIGN AND METHODS
The CREDIT study design and participant selection criteria, as well as participant baseline characteristics, have been reported previously (9, 10) . In brief, the study involved 314 recruitment centers in 12 countries, 10 in Europe, plus centers in Canada and Japan. Men and women with type 2 diabetes, age .40 years, who had started any type of insulin therapy within 12 months and who had an A1C measurement within the 3 months prior to beginning insulin were eligible to participate in the study. As this was a noninterventional study, there was no fixed study visit schedule, and insulin choice, dosage, titration, medical costs, and concomitant oral agent therapy were according to usual local practice. Data were gathered in routine clinical practice, and the treating physicians were asked to report updated participant data every 6 months. Data presented as the 1-year follow-up data are those provided during the 9-18-month window after starting insulin treatment. Ethical approval according to local regulations was obtained for all study sites. Conduct of the study adhered to standards of data collection for clinical trials, according to the Declaration of Helsinki. Written informed consent was obtained from all participants before commencement of data collation.
Statistical Analyses
Patient characteristics are presented by weight change group: for continuous variables by the mean (SD) or median (quartile 1, quartile 3) and for categorical variables by n (%).
To identify factors associated with weight gain at the start of insulin therapy and after 1 year, univariate mixed models studied a predefined number of candidate explanatory variables, with adjustment for recruitment centers as random effects, to allow for differences between patients in different settings. The functional form of each continuous variable in the univariable analyses was determined by contrasting the Akaike Information Criteria for the model with the untransformed variable, and a model with the log e transformed variable, and the transformed variable was used if the Akaike Information Criteria differed by more than -3.84 (x 2 , 1 df criteria). If transformation was favored, a restricted cubic spline was planned in models if the Akaike Information Criteria improved by a further 3.84. Relations were linear for age, BMI, and for both log e (A1C) and log e (insulin dose) at baseline and after 1 year. Interactions were tested (P , 0.05) between explanatory variables both at baseline and at 1 year.
A multivariable stepwise mixed model added or removed explanatory variables from the model, based on minimizing the Schwarz Bayesian information criterion. Predictive factors were studied before the start of insulin treatment and separately after 1 year, when factors predictive at baseline or at 1 year were studied. Analyses used SAS statistical software, version 9.2 or above (SAS Institute, Cary, NC).
RESULTS

Characteristics and Univariable Analysis
The CREDIT study included 3,061 participants at baseline, of whom 2,179 had data on body weight change at 1 year and on the prespecified explanatory variables ( Supplementary Fig. 1 ). The 882 participants with missing data for body weight change, or other candidate explanatory variables, differed from the 2,179 participants included in the analyses on several characteristics: more were men, more came from North America and Northern Europe and fewer from Eastern Europe, fewer were taking sulfonylureas and biguanides, fewer had a medical history of macrovascular disease, more smoked, and more were taking mealtime insulin.
For the 2,179 participants studied, mean weight gain was 1.78 kg (median 2.0 kg), and this differed across countries (Supplementary Table 1) , with the highest weight gain being in Portugal, averaging 4.26 kg with 40% of the participants gaining at least 5.0 kg. Germany had the lowest average weight gain, 0.95 kg, with 15% gaining 5.0 kg or more. The distribution of weight gain is shown separately for the 1,077 men and 1,102 women ( Supplementary  Fig. 2) , and although the median values for men (2.00 kg) and women (1.95 kg) were similar, the weight gain was less variable in women.
Characteristics of the participants and their treatment when starting insulin therapy (Table 1) and after 1 year of insulin therapy (Table 2 ) are shown according to classes of weight gain at 1 year. When starting insulin therapy, after accounting for recruitment site, those who gained more weight over 1 year had a lower BMI, a higher A1C, fewer had diagnosed hypertension, fewer used basal insulin alone, more used basal + mealtime insulin, and fewer used biguanides or sulfonylureas, while they had a higher insulin dose (Table 1) . After 1 year of insulin therapy, those who had gained more weight had a higher A1C at 1 year, fewer were on basal insulin therapy but more were on basal + mealtime therapy, fewer were using biguanides or sulfonylureas, and they had a higher insulin dose (Table 2 ). There were no significant interactions between these explanatory variables.
Multivariable Analysis
When factors before the start of insulin were combined in a multivariable analysis, the stepwise procedure selected higher A1C and lower BMI as predictors of weight gain, after accounting for recruitment center (Table 3) . For example, the model predicted a weight gain 0.5 kg higher in a person with an A1C of 8.0% (64 mmol/mol) in comparison with 7.0% (53 mmol/mol) after adjusting for baseline BMI, with a 0.5 kg lower weight gain for a 4.0 kg/m 2 higher baseline BMI, after adjusting for baseline A1C.
From among factors at the start of insulin treatment and after 1 year of treatment, the stepwise procedure selected the following factors predicting weight gain: a higher baseline A1C, a higher insulin dose at both baseline and at 1 year, and a lower baseline BMI, after accounting for recruitment center (Table 3) . After adjusting for other factors, an insulin dose at 1 year of 0.6 compared with 0.4 IU/kg/day (a 50% increase) was associated with a 0.5 kg higher weight gain. There was no association with A1C at 1 year, or with the change in A1C, in the multivariable analysis.
CONCLUSIONS
In this multivariable analysis of routinely started insulin therapy in developed nations, four factors were found to be independent predictors of weight gain. The level of A1C before starting insulin treatment was relatively strongly predictive of weight gain over the subsequent 12-month period. However, a higher BMI was associated with a lesser weight gain. For both of these factors, a difference in weight gain could be predicted for a difference in baseline clinical characteristics of an order commonly seen in clinical practice. The same can be said of insulin dose, both at baseline and at 1 year, for although the difference in insulin dose required to predict a 0.5-kg difference in weight gain was large, such large differences are commonly encountered in clinical practice. Interestingly, when including these factors in the multivariable model, insulin regimen per se was not a predictive factor, suggesting its presence in the univariable analysis was associated with factors that remained on multivariable analysis.
In a propensity score analysis that we have already published on the CREDIT study, treatment regimens were compared in pairs (9) . This method of analysis accounts for the baseline characteristics of the individuals that could influence the regimen chosen by the prescribing physician. Comparing basal and premix insulin, with 343 people treated by each insulin type and matched on baseline characteristics, the difference in weight gain, after adjusting for recruitment centers and initial weight, was 1.3 kg lower with basal than premix insulin (P , 0.001). However, those treated with premix had a significantly higher daily insulin dose at baseline than those treated with basal insulin, 39 vs. 30 units/day, respectively (P , 0.001).
Comparing treatment by basal and basal + mealtime insulin, for the 200 matched patients, those treated with basal insulin had a 1.4 kg lower weight gain (P , 0.016), as well as a lower insulin dose, 30 vs. 46 units/day (P , 0.001). For the remaining comparisons of the six possible pairs of regimens, we did not find significant differences in the weight gain between regimens, even when the insulin dose differed, but some of the sample sizes were much smaller. The effect of the insulin regimen, however, may be being played out through the insulin dose. We can compare our results with those from the UK Prospective Diabetes Study (UKPDS): after 1 year of insulin treatment, the median weight gain was 2 kg (11) or a mean weight gain of ;2.5 kg (12) in people with newly diagnosed diabetes; the median weight gain was identical to that found in our observational study. A recent meta-analysis of 46 randomized controlled trials (7) studied the increase of body weight over the 1st year of insulin treatment, a difficulty here being the selected and not necessarily clinically representative nature of the populations studied in randomized clinical trials. When all regimens were pooled, insulin dose was positively correlated with weight gain except for basal insulin alone, where weight gain was negatively correlated with insulin dose (6) . In our study, we found no such interaction between insulin dose and insulin regimen on weight gain. In the Diabetes Therapy Utilization: Researching Changes in A1C, Weight and Other Factors Through Intervention with Exenatide Once-Weekly (DURATION)-3 trial (13), after 26 weeks of treatment with basal insulin treatment, glargine, the weight gain was 1.4 kg. More recent data from the ORIGIN (Outcome Reduction With Initial Glargine Intervention) trial (14) , in people at a high risk of cardiovascular disease, and with impaired fasting glucose, impaired glucose tolerance, or new or established diabetes (zero or one oral glucose-lowering drug), weight gain on insulin glargine was 1.6 kg, over 6.2 years.
Although clinical trials provide a head-to-head comparison between different drugs in a highly selected study population, observational studies provide information about how drugs are used more generally in the population. Published observational studies on weight gain are few. Our results are consistent with those of a retrospective study from a single center (15) . The noninterventional A 1 chieve study in a different group of countries around the world compared insulin analog treatments in people with type 2 diabetes (4). For the population treated with detemir, weight gain over 24 weeks was not associated with insulin dose (16) . In the large UK *For categorical measures, b coefficients are given for yes vs. no, or against the reference group stated. †Data were log e transformed for analysis, so the b coefficients are for log e of a unit difference. Table 3 -b coefficients to predict weight gain from multivariable linear models, after stepwise selection of variables measured at baseline before prescription of insulin, and when including measures at 1 year, both adjusted for the investigational site as a random factor b coefficient (95% CI) P Baseline variables only A1C, per log e %* 4.371 (18) . These people would probably be classified as having latent autoimmune diabetes of adults or slow-onset type 1 diabetes. However, average weight gain over the 18 months was 2.4 kg, but the initial insulin regimen was not a predictive factor; information on insulin dose was not provided. The relationship between these factors appears to merit further investigation in larger databases. After adjusting for insulin dose (inherent in multivariable analysis) as well as recruitment centers, lower BMI was predictive of weight gain. This is a clear finding in a large population but may seem contrary to some clinical perceptions of likely runaway weight gain in more obese people. However, there are explanations for the findings. First, as baseline BMI is highly correlated with baseline body weight, and the calculation of the difference in weight (the weight gain) includes baseline weight, it would be expected that change in weight would be negatively correlated with baseline BMI. Second, there could be some regression to the mean for BMI over time, in particular if prior weight loss due to very poor glucose control and baseline A1C 9.5% (80 mmol/mol) was reversed by the insulin therapy (15) . Third, the adverse clinical perception may be being colored by a small group of people at the higher end of the BMI spectrum; nevertheless, those with more extreme weight gain did not differ notably in baseline BMI in our study. One of the reasons for a lower BMI at starting insulin therapy might be particular conditions such as type 1 diabetes, diabetes secondary to pancreatitis, or pancreatic cancer, but although some people were initially included with these conditions, they were excluded from the study. It remains possible that due to investigator misattribution or uncertainty of diabetes type, a small number of people with latent autoimmune diabetes of adults or type 1 diabetes or secondary pancreatic diabetes may have been included.
In the ADVANCE (Action in Diabetes and Vascular Disease: Preterax and Diamicron MR Controlled Evaluation) trial, 19% of the type 2 diabetic patients were newly treated with insulin during the 5-year trial (19). For all glucose-lowering treatments and their combinations, oral or injected, those who gained the most weight tended to have a lower mean baseline BMI. One of the initial hypotheses of the report by Watson et al. (17) from the UK General Practice Research Database was that higher baseline BMI was correlated with weight gain in patients newly treated with insulin. However, their data showed the opposite, that weight gain was negatively correlated with BMI class, at all times of follow-up up to 24 months, and this relation remained significant after multivariable adjustment in the 2,042 patients studied. In agreement with our study, they also found that baseline A1C was associated with weight gain. In the Health Improvement Network database study, the average weight gain over the 18 months was 2.4 kg, again with a greater weight gain in those with lower BMI (18) .
Our large observational study has limitations. We were not able to study the reasons why some people may not have been given insulin treatment, e.g., fear of insulin treatment or fear of weight gain in the obese. The physicians' treatment targets for individual patients were not available. The study provides information on "real-life" use of insulin and its consequences on weight gain, in contrast to clinical trials in often highly selected groups of people. However, in this international study, a number of countries were studied, along with their different dietary habits and diabetes treatment protocols. Further, the recruitment centers included may not be representative of those in a given country, and the countries studied are not representative of all countries. Statistically, we have accounted for recruitment site, and this should condition for some of these differences, and so make the results more generalizable. We do not have information on analog and nonanalog insulins and thus have had to assume they have similar effects.
Further, almost 30% of those people initially enrolled in the study did not have sufficient information collected in routine clinical practice on the key variables within the time windows and so were not included in the analysis; given their mixed characteristics, it is difficult to conclude whether and how this might have biased our results.
The main factors associated with weight gain in this international study were higher insulin dose, not the actual insulin regimen, higher baseline A1C, and lower baseline BMI. Taken together, the clinical message from this appears to be that if higher weight gain is to be avoided, then insulin should be started before A1C rises to more extreme levels and body weight is lost through poor glucose control. Given that islet b-cell function deteriorates with time (20) , insulin dose is then likely to be lower, also assuaging the risk of weight gain according to our study. Furthermore, these findings should reassure physicians that starting insulin therapy in the more obese has no more risk of weight gain than in the less obese. Nevertheless, there is some weight gain in clinical practice with insulin therapy, although it appears that lifestyle measures can minimize weight gain in routine care (4) .
